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§3. Pressure-Driven Global Marginal 
Eigenfunction in a HeliotronfTorsatron 
System 
Nakajima, N. 
Pili is well known, resonant ideal pressure-
driven modes, namely interchange modes with 
the mode rational surfaces, have the D-function 
like singular eigenfunction at the marginal sta-
bili ty. These characteristics come from the 
fact that the mode rational surfaces are regu-
lar singular points at the marginal stable state. 
Strictly speaking, it is true under the condition 
that the pressure gradient at the lllode rational 
surface is finite. If the pressure gradient van-
ishes at the mode rational surface, then there 
is a possibility that the global marginal eigen-
function exists. The existence of the global 
Inarginal eigenfunction has been analytically 
shown. The linearized reduced MHD equation 
at the marginal stable state, nalllely the N ew-
comb equation (neglecting the toroidicity) is as 
follows: 
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where f3, n, and J are equilibrium beta, the 
Inagnetic curvature, and net toroidal current, 
respectively: 
The subscripts indicate the vacuwn quantities, 
Land M are the polarity and the toroidal field 
period of helical coils. Note that the aver-
age Inagnetic curvature stems only from the 
vaCUUln magnetic field, and that the rational 
transform t, consists of t, p due to plasma net 
toroidal current J and t,v due to the vacuurn 
Inagnetic field. Let's consider the case with sin-
gle Inode rational surface. Since the Newcomb 
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equation is solved independently in each inter-
val separated by the mode rational surfaces, we 
seek the global eigenfunction, so that 
In order to obtain an analytical solution, let 
assullle that in the inner region (0 ::; r < r s) 
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where Cf3 > 0 and CJ ~ O. Note that no special 
restriction is need in the outer region (r 8 < 
r ::; 1) except for continuity through the mode 
rational surface. Under these assumtions, we 
have a global Inarginal eigenfunction: 
where 
for 0 ::; r ::; r s 
for r s < r ::; 1 
Above relation prescribes the parameter win-
dow of the global marginal function. 
The Essential condition that the global 
marginal eigenfunctions exist is for the pres-
~ure gradient to vanish at the mode rational 
surface. This situation is easily established af-
ter saturation of high mode number ideal in-
terchange lllodes with the same helicity and/or 
the fast resistive interchange modes not hav-
ing the Inagnetic reconection. Moreover, even 
if magnetic islands exist at the mode rational 
surfaces, the pressure gradient also vanishes, 
so that the global marginal eigenfunctions are 
able to exist. From these consideration on the 
occurence condition, it may be concluded that 
the global marginal eigenfunctions silnilar to 
those of min = 1/1 modes in tokamaks uni-
versally exist in heliotron/torsatron systems. 
